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(54) Optical wavelength division multiplexer for high speed, protocol-independent serial data sources. 



(57) A wavelength division multiplexer (WDM) unit 
(12) includes a plurality of Input/Output cards 
(lOCs 14). Each IOC is bidirectionally coupled to 
I/O specific media (fiber or copper) and to two 
coaxial cables. Also bidirectionally coupled to 
the coaxial cables are a plurality of 
Laser/Receiver Cards (LRC 20). The interface 
between the lOCs and the LRCs is an Emitter 
Coupled Logic (ECL) electrical interface that is 
conveyed over the coaxial cables. Each LRC is 
bidirectionally coupled by two single mode fib- 
ers to an optical multiplexer and demultiplexer, 
embodied within a grating (24). An input/output 
port of the grating is coupled to a fiber link (28) 
that enables bidirectional, full duplex data com- 
munications with a second WDM. Each WDM 
also includes a Diagnostic Processor Card (DPC 
28) that receives status signals from the lOCs 
and LRCs, that forwards the status signals on to 
an external processor, and which generates 
control information for the lOCs and LRCs. 
Each IOC is associated with one of a plurality of 
communications channels and includes an I/O 
specific media connector (30) that is coupled to 
an appropriate transmitter (Tx) and receiver 
(Rx). The I/O specific media connector, Tx and 
Rx are constructed and operated in accordance 
with the specific data stream type that is input 
to and output from the associated channel of 



the WDM. By example, a first data stream may 
be conveyed through an optical (fiber) conduc- 
tor in accordance with an ESCON protocol at 
200Mb/s, and a second data stream may be 
conveyed through an electrical (copper) 
conductor in accordance with an ECL non- 
specific protocol at up to 622 MB/s. 



FIG. 4 
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FIELD OF THE INVENTION: 

This invention relates generally to data communi- 
cations and, in particular, to data communications ap- 
paratus and methods that employ an optical wave- 
length division multiplexer (WDM). 

BACKGROUND OF THE INVENTION: 

Optical wavelength division multiplexing is a 
known technique for combining a plurality of optical 
signals having different wavelengths and inserting 
the wavelengths into a single optical fiber. The multi- 
ple wavelength signal is transmitted through the fiber 
to a receiving end where the wavelengths are sepa- 
rated and demultiplexed accordingly. Typically, the 
wavelengths are multiplexed and demultiplexed by 
the use of diffraction gratings orthin film interference 
filters. These devices provide a spectral selectivity 
that is predetermined in accordance with the wave- 
lengths in use. 

One advantage that results from the use of wa- 
velength division multiplexing is that a single optical 
fiber can simultaneously carry a plurality of data sig- 
nals in two directions. 

The following commonly assigned U.S. patents 
are all directed to optical and/or WDM communication 
techniques: U.S. Patent No. 4,792,999, entitled "Wa- 
velength Agile Optical Receiver* (Stilwell, Jr.); U.S. 
Patent No. 5,040,169, entitled "Wavelength Division 
Photonic Switch" (Guerin et al.); and U.S. Patent No. 
5,157,530, entitled "Optical Fiber System" (Loeb et 
al.). Also of interest is commonly assigned European 
patent application AO 279 932, entitled "Optical Com- 
munication Signal Source" (Block et al.). 

Other patents of interest include the following: 
U.S. Patent No. 4,343,532, entitled "Dual Directional 
Wavelength Demultiplexer" (Palmer); U.S. Patent No. 
4,430,700, entitled "System and Method For Commu- 
nication Between Nodes of a Closed Loop Local 
Communication Path" (Chadima, Jr. etal.); U. S. Pa- 
tent No. 4,673,270, entitled "Chan nel Add/Drop Filter- 
Coupler" (Gordon); U.S. Patent Mo. 4,824,193, enti- 
tled "Holographic Multiplexer/Demultiplexer and Its 
Manufacturing Method" (Maeda et al.); U.S. Patent 
No. 4,941,208, entitled "High Performance Subcarri- 
er Multiplexed Optical Communication System With 
Modulation Index Exceeding Unity" (Olshansky et 
al.); and U.S. Patent No. 5,064,263, entitled "Multi- 
plexing Apparatus For The Direct Optical Reception 
of a Plurality of Optical Wavelengths" (Stein). 

A problem arises in the use of conventional mul- 
tiplexing equipment when it is desired to send and re- 
ceive multiple high-speed full-duplex data streams of 
different types. That is, a user may have one type of 
equipment that generates a data stream at a first bit 
rate and with a first communications protocol and a 
second type of equipment that generates a second bit 



stream with a second bit rate and a second commu- 
nications protocol that differs from the first protocol. 
Typically, the user would be required to rent, at con- 
siderable cost, a pair of fiberoptic conductors from a 
5 fiber provider for each of the full-duplex data streams. 
As the number of different types of data communica- 
tions equipment increases, it can be appreciated that 
the expense associated with renting additional fiber 
pairs may become prohibitive. 

10 

SUMMARY OF THE INVENTION 

The foregoing and other problems are overcome 
by wavelength division multiplex communications ap- 

15 paratus that is constructed in accordance with the in- 
vention, and by a method of operating same. The 
method includes a first step of receiving a plurality of 
input signals from a plurality of first data communica- 
tions devices, at least two of the first data communi- 

20 cations devices operating at different bit rates and/or 
with different protocols. At least two of the data com- 
munications devices may also transmit and receive 
information over a different medium, such as copper 
wire and optical fiber. A second step of the method 

25 converts each of the received inputs into an optical 
signal having a wavelength that differs from other wa- 
velengths of others of the converted received inputs. 
A third step wavelength division multiplexes the opti- 
cal signals and transmits a resulting wavelength divi- 

30 sion multiplexed signal over an optical conductor to a 
remote site. 

At the remote site the wavelength division multi- 
plexed signal is received and demultiplexed into a 
plurality of received optical signals. Each of the re- 

35 ceived optical signals is converted into a correspond- 
ing electrical signal. A next step provides a plurality of 
outputs to a plurality of second data communications 
devices, at least two of the second data communica- 
tions devices operating at different bit rates and with 

40 different protocols that correspond to the bit rates and 
protocols of the at least two of the first data commu- 
nications devices. 

More particularly, this invention provides a wave- 
length division multiplexer (WDM) unit that includes a 

45 plurality of Input/Output cards (lOCs). Each IOC is bi- 
directionally coupled to I/O specific media (fiber or 
copper) and to two coaxial cables. Also bidirectionally 
coupled to the coaxial cables are a plurality of Las- 
er/Receiver Cards (LRC). The interface between the 

50 lOCs and the LRCs is an Emitter Coupled Logic (ECL) 
electrical interface that is conveyed over the coaxial 
cables. Each LRC is bidirectionally coupled by two 
single mode fibers to an optical multiplexer and de- 
multiplexer, embodied within a grating. An input/out- 

55 put port of the grating is coupled to a fiber link that en- 
ables bidirectional, full duplex data communications 
with a second WDM at a distance of up to approxi- 
mately 75 kilometers. Each WDM also includes a Di- 
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agnostic Processor Card that receives status signals 
from the lOCs and LRCs, that forwards the status sig- 
nals on to an external processor, and which generates 
control and timing information for the lOCs and LRCs. 

Each IOC is associated with one of a plurality of 5 
communications channels and includes an I/O specif- 
ic media connector that is coupled to an appropriate 
transmitter (Tx) and receiver (Rx). The I/O specific 
media connector, Tx and Rx are constructed and op- 
erated in accordance with the specific data stream 10 
type that is input to and output from the associated 
channel of the WDM. By example, a first data stream 
may be conveyed through an optical (fiber) conductor 
in accordance with an ESCON protocol at 200 Mb/s, 
and a second data stream may be conveyed through 15 
an electrical (copper) conductor in accordance with a 
non-specific protocol at up to 622 Mb/s. 

In a presently preferred embodiment of the inven- 
tion the lOCs and LRCs for a given channel are pro- 
vided in pairs, one pair being located in each WDM. 20 
Each IOC/LRC pair corresponds to two fixed optical 
wavelengths, one wavelength for each direction of 
data transfer. 

A plurality of diagnostic status signals include a 
Port Status signal that is generated by the IOC, and 25 
three status signals that are generated by the LRC, 
specifically a Laser Status signal, a Laser Control 
Status signal, and a Received Data Status signal. The 
DPC provides an enabling Pulse input to each LRC, 
and also a CLK signal. The CLK signal is employed 30 
with the Port Status signal to place the laser transmit- 
ter into a known transmitting state upon an occur- 
rence of a loss of the input data signal to the channel 
from the attached optical or electrical network. 

An ability to select a particular IOC for different 35 
serial data stream protocols and to add, remove, and 
to change the lOCs at will is an important feature of 
the invention. The process of adding a new channel, 
or converting an existing channel to use a new serial 
data stream protocol, involves installing the same 40 
type of lOCs into the two WDMs at both ends of the 
fiber link, and making the appropriate serial data 
steam connections to the media specific connectors 
of each of the lOCs. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above set forth and other features of the in- 
vention are made more apparent in the ensuing De- 
tailed Description of the Invention when read in con- so 
junction with the attached Drawings, wherein: 

Fig. 1 is a block diagram of an embodiment of an 

optical WDM that is constructed in accordance 

with this invention; 

Fig. 2 is a block diagram of an Input/Output (I/O) 55 
card (IOC) that is a feature of the WDM of Fig. 1 ; 
Fig. 3a is a block diagram of a Laser/Receiver 
(L/R) card (LRC) that is a feature of the WDM of 



Fig. 1; 

Fig. 3b shows a portion of the safety circuit that 
is a component of the LRC of Fig. 3a; 
Fig. 4 is a simplified front view of the WDM of Fig. 
1, showing the placement of the I/O and L/R 
cards of Figs. 2 and 3a, respectively; 
Fig. 5 is a block diagram of a Diagnostic Proces- 
sor card (DPC) that is a feature of the WDM of 
Fig. 1; 

Fig. 6 is a block diagram of a second embodiment 
of an optical WDM that is constructed in accor- 
dance with this invention; and 
Figs. 7a-7c each illustrate the use of one or more 
optical couplers, in conjunction with wavelength 
selective filters, as an optical multiplexer/demul- 
tiplexer. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 illustrates a data communications system 
10 that is constructed and operated in accordance 
with this invention. System 10 includes at least two 
spatially separated Wavelength Division Multiplexer 
(WDM) units 12. As employed herein a first WDM unit 
is referenced as 12a, and all component parts thereof 
are designated with a numeral followed by the letter 
"a". In like manner the second WDM unit is referenced 
as 12b, and all component parts thereof are designat- 
ed with a numeral followed by the letter B b". The WDM 
units 12a and 12b are similarly constructed so as to 
provide complementary wavelength use (i.e., is 
transmitted by WDM 12a and received by WDM 12b, 
while is transmitted by WDM 12b and received by 
WDM 12a). As such, when referring generally to the 
WDM units and/or the component parts thereof the 
"a" and "b" suffixes are omitted after the reference 
numeral. As will become apparent, each WDM 1 2 also 
includes a capability to demultiplex a plurality of re- 
ceived wavelengths. 

As employed herein an optical signal is generally 
intended to encompass wavelengths in the range of 
approximately 300 nanometers to approximately 
2000 nanometers (UV to far IR). This range of wave- 
lengths can be accommodated by the preferred type 
of optical conductor (a fiberoptic), which typically op- 
erates in the range of approximately 800 nanometers 
to approximately 1600 nanometers. 

Also as employed herein, a protocol is generally 
intended to mean an agreement between two peer 
entities on a format of communication. The protocol 
typically includes agreement on, by example, the bit 
rate, modulation format (e.g., AM or FM), coding, and 
framing (e.g., definition of units of data). 

Each WDM unit 12 includes a plurality of In- 
put/Output cards (lOCs) 14 of a type shown in Fig. 2. 
Each IOC 14 is bidirectionally coupled to I/O specific 
media 16 (fiber or copper) and to coaxial cables 18. 
In that each signal is differential, and is therefore car- 
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ried by two conductors, a total of four coaxial cables 
18 are employed for each IOC 14. Also bidirectionally 
coupled to the coaxial cables 1 8 are a plurality of Las- 
er/Receiver Cards (LRC) 20 of a type shown in Fig. 
3a. The interface between the lOCs 14 and the LRCs 
20 is an Emitter Coupled Logic (ECL) electrical inter- 
face that is conveyed over the coaxial cables 1 8. Each 
LRC 20 is bidirectionally coupled by two single mode 
fibers 22 to an optical multiplexer and demultiplexer. 
In the presently preferred embodiment of the inven- 
tion the optical multiplexer and demultiplexer is em- 
bodied within a commercially available grating 24. An 
input/output port of the grating 24 is coupled to a fiber 
link 28 that enables bidirectional multichannel data 
communications with a second WDM 12 at a distance 
of up to approximately 75 kilometers. Each WDM 12 
also includes a Diagnostic Processor Card 26 that re- 
ceives status signals from the lOCs 14 and LRCs 20, 
and which generates control and timing information 
therefor. 

Each IOC 14 is associated with one of a plurality 
of communications channels (1-8) and includes an I/O 
specific media connector 30 that is coupled to an ap- 
propriate transmitter (Tx) 32 and receiver (Rx) 34. 
The components 30, 32, and 34 are constructed and 
operated in accordance with the specific data stream 
type that is input to and output from the associated 
channel of the WDM 12. 

The WDM 12 is capable of supporting a large va- 
riety of serial data stream types. Exemplary optical 
and non-optical data stream types of particular inter- 
est include the following: 

ESCON/Tahoe (IBM fiber optic host channel), 
using 1.3 micron LEDs at 200 Mb/s; 

ESCON/ECSL (extended distance), using 1.3 
micron laser diodes at 200 Mb/s; 

FDDI (Fiber Digital Data Interface) at 125 

Mb/s; 

CDDI (electrical conductor-based variant of 
FDDI) at 125 Mb/s; 

FCS (Fibre Channel Standard); 

T1 (1 .5 Mb/s) or T3 (45 Mb/s); 

Serial or parallel HIPPI (1.25 Gb/s); and 

General Purpose (TTL, CMOS, ECL) interface 
(up to 622 Mb/s). 

The exemplary communication types listed 
above may be used in any combination within the 
WDM 12. That is, each channel is independent of ev- 
ery other channel and provides a capability to per- 
form full duplex communications, utilizing as a mini- 
mum the single fiber link 28, between the WDM 12a 
and a remotely located WDM 12b. The WDM's 12a 
and 12b are configured such that corresponding 
channels employ the same type of I/O specific com- 
ponents 30, 32 and 34. 

The provision of the General Purpose interface 
provides an open (protocol independent) capability 
and can be used, by example, to support the trans- 



mission of compressed or uncompressed television 
signals at a selected bit-rate. Also by example, the 
output of an analog to digital converter can be trans- 
mitted. In this regard the General Purpose interface 

5 may include a parallel to serial converter at the trans- 
mitting end, and a complementary serial to parallel 
converter at the receiving end. The use of appropriate 
parallel to serial and serial to parallel converters is 
also employed when interfacing to a parallel HIPPI 

10 channel. The transmission of light modulated in ac- 
cordance with analog signals can also be supported. 

By example only, channel 1 in WDM 12a may be 
bidirectionally coupled to a bit-serial HIPPI channel 
(via HIPPI-specific media 16a), and channel 1 in 

15 WDM 12b is thus also bidirectionally coupled to a bit- 
serial HIPPI channel (via HIPPI-specific media 16b). 
Also by example, channel 2 in WDM 12a may be bi- 
directionally coupled to a bit-serial FDDI optical chan- 
nel (via FDDI-specific media 16a), and channel 2 in 

20 WDM 12b is thus also bidirectionally coupled to a bit- 
serial FDDI optical channel (via FDDI-specific media 
1 6b). For these two cases it can clearly be seen that 
the bit rates between channels 1 and 2 differ signifi- 
cantly, as do the underlying data communication pro- 

25 tocols and the nature of transmission over the asso- 
ciated networks (electrical signals vs. optical sig- 
nals). However, the WDMs 12a and 12b enable both 
bit-serial data streams, in combination with up to six 
other communication protocols and/or bit rates, to be 

30 transmitted and received through the single fiber link 
28. 

The 622 Mb/s maximum bit rate is not a funda- 
mental limitation of the invention, but instead is a 
maximum data rate that can be supported by the elec- 
35 tronics of the current implementation of the WDM 1 2. 

The RX 34 generates a Port Status output to in- 
dicate the integrity of the I/O specific media connec- 
tion. For example, for an optical channel the Port Sta- 
tus output indicates that the Rx 34 is receiving light 
40 from the input fiber via the I/O media specific connec- 
tor 30. 

If the Tx 32 is a laser the IOC 14 may further in- 
clude a safety circuit 36. 

The IOC 14 also includes an ECL input buffer 38 

45 and an ECL output buffer 40. Buffers 38 and 40 are 
each terminated with a suitable connector 42 and 44, 
respectively, for interfacing, via the coaxial cables 1 8. 
to the associated LRC 20. 

Fig. 3a illustrates the construction of one LRC 

so 20. Each LRC 20 includes, preferably, a distributed 
feedback (DFB) semiconductor diode laser 46 that 
generates an optical signal at a predetermined wave- 
length for application, via a single mode fiber 22, to 
the grating 24. The DFB laser 46 is preferably oper- 

55 ated in the 1.5 micron band wherein attenuation is 
only 0.2 to 0.3 dB per kilometer. The wavelength 
spacing between the DFB lasers 46 of each of the 
LRCs 20 is nominally one nanometer. This wave- 
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length spacing allows the multiplexing and demulti- 
plexing by the grating 24 of a number of optical sig- 
nals according to wavelength. Due to the nature of the 
grating 24, and optical transmission in general, there 
is essentially no interaction between the optical sig- 
nals of different wavelengths. This enables the shar- 
ing of the common fiber link 28 by signals originating 
from and destined to a plurality of different types of 
communications equipment. In addition, the optical 
grating 24 is a bidirectional device enabling the fiber 
link 28 to support multi-channel, full duplex data traf- 
fic. 

The DFB laser 46 provides a Laser Status Output 
from an internal photodetector that is positioned to 
detect the optical radiation generated by the DFB las- 
er diode. The Laser Status Output is indicative of the 
DFB laser integrity. 

The DFB laser 46 is controlled by a laser control- 
ler 48 which receives an input, via an ECL MUX 50 
and connector 52, from the ECL output buffer 40 of 
the associated IOC 14. 

This input represents the signal received from 
the I/O specific media components 30 and 34. The 
laser controller 46 operates the DFB laser 46 in ac- 
cordance with the received ECL signal to generate a 
modulated optical signal for application, via connector 
53 and single mode fiber 22, to the grating 24 for 
transmission via the fiber link 28. The laser controller 
48 generates a Laser Control Status Output which in- 
dicates the state of a laser control signal line that is 
used to operate the DFB laser 46. The magnitude of 
this control signal line is varied by the controller 48 to 
achieve a desired power output from the DFB laser 
46. As such, the control signal line is also indicative 
of the integrity of the DFB laser 46. 

The LRC 20 receives, via connector 54, a demul- 
tiplexed optical signal from the grating 24. This optical 
signal is applied to a suitable optical detector 56, such 
as an avalanche detector or a PINFET detector, which 
converts the optical signal into an electrical signal. 
The electrical signal that is output from the detector 
56 is further amplified by amplifier 58 and is applied 
to an LRC safety circuit 60 and, via ECL comparator 
62 and connector 64. to the ECL input buffer 38 of the 
associated IOC 14. The input signal at the IOC 14 is 
applied to the media specific transmitter 32 and con- 
nector 30 for application to the attached communica- 
tions link. 

The laser controller 48 is also responsive to a 
Pulse Signal Line to periodically activate the DFB las- 
er 46. The Pulse Signal line is generated by the DPC 
26 as will be described below. 

Fig. 4 illustrates the packaging of the WDM 12. A 
standard 19 inch rack-mountable "subrack" enclosure 
66 contains two rows of cards and at the top an area 
70 (shown partially cut-away) which houses the opti- 
cal grating 24a, or gratings 24a and 25a as described 
below in reference to Fig. 6. Each grating has attach- 
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ed thereto 1 7 fiber pigtails. An I/O Fiber Connector on 
the front panel is provided for attachment to at least 
one input/output optical fiber 28a. 

A connector 72 is also provided for interfacing the 
DPC 26 to an external data processor. As an example, 
the connector 72 provides a standard RS-232C com- 
patible communications link. A slot 66a is provided for 
channeling the various front panel cables into the en- 
closure 66. In Fig.4 only six pairs of IOC/LRC cards 
are shown installed, it being realized that this number 
is exemplary only. 

In a presently preferred embodiment of the inven- 
tion the WDM 12 is configured as two rows of up to 
eight pluggable modules on the front panel, the lower 
row containing the LRCs 20 and the upper row con- 
taining the lOCs 14. The two rows are divided into 
eight columns, where each column represents a mul- 
tiplexed full duplex channel. Each full duplex channel 
corresponds to two fixed optical wavelengths, one 
wavelength for each direction of data transfer. The 
channels are numbered or otherwise identified, as 
the position of the column is related to the optical wa- 
velength that is connected to the optical grating 24 for 
that column. 

The pluggable modules are keyed so that an IOC 
1 4 can only be plugged into a slot in the upper row and 
a LRC 20 can only be plugged into a slot in the lower 
row. The keying is further extended such that a LRC 
20 whose DFB laser 46 is designed for Channel n can 
only be plugged into the slot in Column n (n=1,...,N). 
The LRCs 20 have no connections on the front panel. 
All connections to the LRCs 20 are made by back- 
panel connectors that are mated when the LRC is in- 
serted into its specified slot. These connections in- 
clude the serial ECL input from the associated IOC 
14, the serial ECL output to the associated IOC 14, 
the optical input from the grating 24, the optical output 
to the grating 24, power, and diagnostic signals. The 
diagnostic signals include the aforementioned Port 
Status Input from the associated IOC 14, the Laser 
Status Output to the DPC 26, the Laser Control Sta- 
tus Output to the DPC 26, the Received Data Output 
to the DPC 14, the Pulse input from the DPC 26, and 
also the CLK signal from the DPC 26. 

As is seen in Fig. 4, the lOCs 14 have connec- 
tions on the front panel, generally shown as the I/O 
specific media connectors 30, that are specific to the 
particular transmission medium and protocol support- 
ed by each IOC 14, e.g. ESCON, FDDI, HIPPI, etc. 
Other connections are made via backplane connec- 
tors that are mated when the IOC 14 is inserted into 
a slot. These connections include the serial ECL input 
from the associated LRC 20, the serial ECL output to 
the associated LRC 20, power, and the Port Status 
Output to the associated LRC 20 and the DPC 26. 

The ability to select a particular IOC 14 for differ- 
ent serial or parallel data protocols and to add, re- 
move, and to change the lOCs at will is an important 
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feature of the invention. The process of adding a new 
channel, or converting an existing channel to use a 
new data protocol, involves merely plugging in the 
same type of lOCs 14a and 14b into the same num- 
bered slots in the two WDMs 12a and 12b at both 5 
ends of the fiber link 28, and providing the appropriate 
data connections to the connectors 30 at the front of 
the installed lOCs 14. No configuration, wiring, switch 
settings or other complex operations are needed. The 
user must only ensure that the two lOCs 14a and 14b 10 
are the same type (FDDI, HIPPI, etc.), and that the as- 
sociated LRCs 20a and 20b are installed and operate 
at the same wavelengths. 

In order to allow for reconfiguration or replace- 
ment of faulty modules, both the lOCs 14 and the 15 
LRCs 20 are designed to allow hot-pluggability. That 
is, an IOC 14 and/or a LRC 20 can be plugged or un- 
plugged from the backplane connector of the WDM 12 
without having to first power the WDM 12 off, and 
without disturbing the operation of other channels. 20 
This is achieved by providing electrical connectors 
that make and break the backplane connections in a 
predetermined order, and through the use of slow 
turn-on local power regulators on each of the lOCs 
and LRCs. It is also within the scope of this invention 25 
to provide logic that causes the IOC 14 or LRC 20 to 
activate only when a last pin of the backplane connec- 
tor connects. The diagnostic connector 72 is provided 
to allow for remote network device management and 
problem isolation. In the presently preferred embodi- 30 
ment of this invention the connector 72 conveys RS- 
232C compatible signals to an external processor and 
provides at least the following indications: per chan- 
nel indication of Operational/Not Operational, and per 
channel indication of Laser Safety shutdown. 35 

In a further embodi ment (10*) of the invention that 
is depicted in Fig. 6 a second fiber 28b, and a second 
grating 25, are employed. In this further embodiment 
of the invention one grating/fiber combination is em- 
ployed for transmitting, while the second grating/fiber 40 
combination are employed for receiving. This embodi- 
ment enables wavelength re-use in each direction, 
and furthermore enables optical amplifiers (typically 
uni-directional) to be used as required. 

Fig. 5 illustrates the DPC 26. The DPC 26 in- 45 
eludes a processor 74 that operates under the control 
of a stored program to receive the various status sig- 
nals from a status multiplexer 76. The processor 74 
periodically changes the state of a plurality of MUX 
CONTROL signal lines to select a group of four status so 
signal lines from one of the eight channels. The proc- 
essor 74 may interpret the status signals locally, or 
may simply transmit the status signal indications to 
the external network processor for evaluation. 

For example, one possible failure mode is related 55 
to the drift of the transmitter DFB laser 46 wavelength 
out of the associated passband of the grating 24. This 
is signified by the presence of laser light emission, as 



indicated by the Laser Status Output status line being 
true, and the absence of the detector 56 output on 
that channel, as indicated by the Received Data out- 
put status line being false, and the presence of the de- 
tector 56 output on all other installed other channels, 
as indicated their Received Data Output status lines 
being true. 

A pulse generator 80 periodically outputs a pulse 
on one of the Pulse Channel n lines to an associated 
one of the LRCs 20. The pulse is obtained from a 
CLOCK circuit 78, and is applied to each LRC 20, by 
example, once every 10 seconds. The application of 
the pulse causes the LRC 20 to briefly turn on the 
DFB laser 46, if not already on. This enables the op- 
eration of the DFB laser 46 to be verified by the WDM 
at the other end of the fiber 28, which transmits an 
optical pulse in reply. The pulse is received and the 
Received Data Status signal is asserted by the re- 
ceiving circuitry for that channel. 

The pulses are applied to the LRCs in a sequen- 
tial and non-overlapping manner so as not to turn on 
more than one DFB laser at a time. This is a safety 
consideration, in that if the link fiber 28 is broken the 
laser intensity that is transmitted from the broken end 
is minimized. Also, the LRCs 20 are designed such 
that the associated DFB laser 46 cannot be energized 
until at least one pulse is received from the DPC 26. 
As such, if the DPC 26 is inoperable or not installed 
none of the DFB lasers 46 can be operated. 

The CLOCK circuit also outputs a 10 MHz signal 
that drives the CLK signal line to every LRC 20. Re- 
ferring to Fig. 3b, the CLK signal is applied to an input 
of a logic element 60b. Logic element 60b may be im- 
plemented as a Programmable Logic Device (PAL). 
Other inputs to the logic element 60b include the Port 
Status input from the associated IOC 14, the associ- 
ated Pulse n signal from the DPC 26, and a Data/No 
Data signal that is output from a threshold detector 
60a. Threshold detector 60a receives an input from 
the detector amplifier 58 via line 58a. The output of 
the threshold detector 60a indicates whether an opt- 
ical signal indicative of a valid one or zero logic state 
is being received from the attached WDM. The logic 
element 60b is responsive to these inputs to generate 
two control signal outputs (Controll and Control2). 
The ECL MUX 50 has a select (SEL) input coupled to 
the Controll signal generated by the associated logic 
element 60b. 

The Controll signal is provided such that when 
Port Status is true, and at least one Pulse n signal has 
been received from the DPC 26, the first MUX 50 in- 
put signal (from the connector 52) is coupled through 
the MUX 50 to drive the DFB laser 46, via the laser 
controller 48. Port Status being true indicates that the 
IOC receiver 34 is receiving a signal that indicates 
that the associated communications medium is pro- 
viding an input to the IOC 20 (for example, that light 
is present if the communications channel is an optical 
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channel). 

If the input to the IOC 20 is disconnected or other- 
wise impaired the Port Status signal goes false, caus- 
ing the Control 1 signal to select the second input to 
the MUX 50. The second input to the MUX 50 is the 5 
Control2 signal which, for this case, is the 10 MHz 
CLK signal. As a result, the DFB laser 46 is driven with 
the 10 MHz signal and not noise, thereby placing the 
laser in a known transmitting state. This facilitates re- 
establishing the link connection between the sending 1 o 
and receiving data communications equipment that 
are communicating through the WDMs 12a and 12b. 

If at least one Pulse n signal is not received, re- 
gardless of the state of the Port Status signal, the 
Control 1 signal is set to select the second input to the 15 
MUX 50. The second input to the MUX 50 is again the 
Control2 signal which, for this case, is set to a prede- 
termined logic state, such as a logic zero state. The 
forced logic zero state, in conjunction with the Shut 
Down signal being asserted to the laser controller 48, 20 
causes the output of the laser 46 to be at a low level 
(i.e., a level below the lowest level associated with 
either a logic zero or a logic one output state). 

The DPC 26 also includes an I/O device 82, such 
as a UART. that provides the circuitry necessary to 25 
transmit and receive RS-232C information through 
the diagnostic connector 72. 

Whether the diagnostic information is interpreted 
locally by the processor 72, or externally in an attach- 
ed computer that runs a network management appli- 30 
cation (e.g. a Link Problem Determination Application 
- LPDA), is a function in part of the desired complexity 
of the DPC 26. 

In order to comply with various domestic and in- 
ternational laser safety regulations, each LRC 20 in- 35 
corporates the laser safety circuitry 60 which oper- 
ates to shut down the output of the DFB laser 46 
whenever the detector 56 does not detect input light. 
This condition is also reflected in the state of the Re- 
ceived Data Status signal. Laser shut down prevents 40 
eye injury due to laser radiation being emitted from a 
broken fiber. A similar safety circuit 36 is provided in 
those lOCs 14 that employ a laser diode as the Tx 32. 
In this case, an absence of received light, as detected 
by the Rx 34, causes the Tx 32 laser to be shut down. 45 
The absence of received light also results in the Port 
Status signal being negated, as described previously. 

Although the invention has been described in the 
context of presently preferred embodiments thereof, 
it should be apparent that a number of modifications 50 
to this preferred embodiment may occur to those hav- 
ing skill in the art. For example, more or less than 
eight channels can be accommodated within a single 
WDM 12. Also by example, the lOCs 14 could be de- 
signed to interface with other types of communica- 55 
tions protocols and formats than those specifically 
listed above. Furthermore, a plurality of WDMs 12 in 
disjoint wavelength bands can be provided at a site. 



the outputs of which are further wavelength division 
multiplexed before being inserted into the fiber link 
28. Also, it is within the scope of the invention to pro- 
vide for two fiber links 28, one a primary link and the 
other a backup. For this case, a bidirectional optical 
switch is inserted between the output of the grating 24 
and the input of the fiber link 28 for selecting either 
the primary or the backup fiber. Switching may occur 
automatically in response to the DPC 26 detecting an 
absence of received light for all channels (all Re- 
ceived Data Status signals being negated), or may 
occur manually. Furthermore, it is within the scope of 
the invention to employ an erbium-doped optical fiber 
28 to increase the range of transmission and the max- 
imum bit rate. 

It is also within the scope of the teaching of this 
invention to employ optical couplers 90, as depicted 
in Figs. 7a-7c, in place of the grating 24. The optical 
coupler 90 can be used in conjunction with a plurality 
of wavelength selective filters 92a-92n to multiplex 
and demultiplex a plurality of optical signals, shown 
as (lambda 1) to (lambda N). 

By example, Fig. 7a illustrates the use of a star 
coupler 90 as a multiplexer; Fig. 7b illustrates the use 
of a star coupler 90 as a demultiplexer; and Fig. 7c il- 
lustrates the use of star couplers as both multiplexers 
and demultiplexers. 

It is also pointed out that a single given input to 
the WDM may actually convey information signals to 
and from a plurality of individual users, as is typically 
the case when a Time Division Multiplex (TDM) com- 
munications protocol is employed. 



Claims 

1. Data communications apparatus, comprising: 
means for receiving a plurality of inputs from a 
plurality of data communications devices, at least 
two of the data communications devices operat- 
ing with different protocols; 

means for converting each of the received inputs 
into an optical signal having a wavelength that 
differs from other wavelengths of others of the 
converted received inputs; and 
means for wavelength division multiplexing the 
optical signals and for transmitting a wavelength 
division multiplexed signal over an optical con- 
ductor to a remote site. 

2. Data communications apparatus as set forth in 
claim 1 and further comprising: 

means for receiving a wavelength division multi- 
plexed signal from the remote site and for demul- 
tiplexing the received wavelength division multi- 
plexed signal into a plurality of received optical 
signals; 

means for converting each of the received optical 
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signals into a corresponding electrical signal; and 
means for providing an output to each of the plur- 
ality of data communications devices such that 
each output corresponds to the protocol of the re- 
ceiving data communications device. 5 

3. Data communications apparatus as set forth in 
claim 1 wherein at least one of the inputs is re- 
ceived from an electrical conductor, and wherein 

at least one other of the inputs is received from 10 
an optical conductor. 

4. A method for operating a data communications 
apparatus, as defined in anyone of the previous 
claims. 15 

5. Communications apparatus, comprising: 

a plurality of input/output (I/O) interface units, 
each of said I/O interface units including means 
for coupling to a communications network for re- 20 
ceiving a signal from the network and for trans- 
mitting a signal to the network, each of said I/O 
interface units further including an input buffer 
means having an input for receiving a first elec- 
trical signal representing information to be trans- 25 
m it ted to the network, each of said I/O interface 
units further including an output buffer means 
having an output for providing a second electrical 
signal representing information received from the 
network; 30 
a plurality of optical transmitter and receiver units 
each including an optical transmitter means and 
an optical receiver means, individual ones of said 
optical transmitter and receiver units being cou- 
pled to one of said I/O interface units for providing 35 
said first electrical signal thereto and for receiv- 
ing said second electrical signal therefrom, said 
second electrical signal being supplied to said 
optical transmitter means for modulating an out- 
put thereof, said first electrical signal being out- 40 
put from said optical receiver means, each of said 
optical transmitter and receiver units having an 
optical transmitter means that generates an opt- 
ical signal that differs in wavelength from others 
of said optical transmitter means; and 45 
optical multiplexing and demultiplexing means 
having a plurality of inputs, individual ones of said 
inputs being coupled to an output of an optical 
transmitter means of one of said optical transmit- 
ter and receiver units, said optical multiplexing so 
and demultiplexing means further having a plur- 
ality of outputs, individual ones of said outputs 
being coupled to an input of an optical receiver 
means of one of said optical transmitter and re- 
ceiver units, said optical multiplexing and demul- 55 
tiplexing means having a port for bidirectionally 
coupling to an optical fiber and operating to wa- 
velength division multiplex said inputs from said 



plurality of optical transmitter means before ap- 
plication to the optical fiber and to wavelength di- 
vision demultiplex optical signals received from 
the optical fiber and to separately provide demul- 
tiplexed optical signals to said plurality of out- 
puts; wherein 

at least two of said I/O interface units are coupled 
to networks that operate with different network 
protocols. 

6. Communications apparatus as set forth in claim 
5 wherein one of said I/O interface units is cou- 
pled to a network that conveys information sig- 
nals over an electrical conductor, and wherein at 
least one other one of said I/O interface units is 
coupled to a network that conveys information 
signals over an optical conductor. 

7. Communications apparatus as set forth in claim 
5 or 6 wherein each of said plurality of I/O inter- 
face units includes means for generating a first 
status signal indicating an operational status of 
the network that is coupled to said receiving 
means, and wherein each of said plurality of opt- 
ical transmitter and receiver units includes 
means for generating at least one second status 
signal indicating an operational status of said opt- 
ical transmitter means and a third status signal 
indicating an operational status of said optical re- 
ceiver means. 

8. Communications apparatus as set forth in claim 
7 and further including diagnostic processor 
means having inputs coupled to said first, sec- 
ond, and third status signals from each of said 
plurality of I/O interface units and each of said 
plurality of optical transmitter and receiver units, 
said diagnostic processor means further having 
an output for transmitting information indicating a 
state of all of said first, second, and third status 
signals. 

9. Communications apparatus as set forth in claim 
7 or 8 wherein each of said plurality of optical 
transmitter and receiver units includes a signal 
multiplexing means that is interposed between 
said optical transmitter means and the second 
electrical signal that is received from an associ- 
ated one of said I/O interface units, said signal 
multiplexing means including a first input coupled 
to said second electrical signal, a second input 
coupled to a signal line that conveys a frequency 
signal, and a selection input that is coupled to 
said first status signal that is generated by said 
associated one of said I/O interface units, said 
signal multiplexing means being responsive to a 
first state of said first status signal for coupling 
said second electrical signal to an input of said 
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optical transmitter means and responsive to a 
second state of said first status signal for cou- 
pling said frequency signal to said input of said 
optical transmitter means. 

5 ; 
10. Communications apparatus as set forth in claim j 
5 and further comprising timing means that repet- £ 
itively generates a plurality of enabling signals. 

individual ones of said enabling signals being | 
coupled to one of said optical transmitter means, 10 ^ 



said enabling signal for each of said optical trans- 
mitter means being generated so as not to over- 
lap an enabling signal that is generated for an- 
other one of said optical transmitter means. 



15 



the loss of the input data ; and 



responsive to the generated status signal, 40 
the step of providing includes a step of, 

providing a second electrical signal having 
a predetermined frequency for modulating the 
optical source in accordance with the second 
electrical signal. 45 

13. A method as set forth in claim 12 wherein at least 
one of the data inputs is received from an elec- 
trical conductor, and wherein at least one other of 
the data inputs is received from an optical con- 50 
ductor. 



11. Communications apparatus as set forth in claim S 
5 wherein said optical multiplexing and demulti- \ 
plexing means is comprised of an optical coupler \ 
and a plurality of wavelength selective filter \ 
means, or a grating means. 20 . ; 

A 

s 

12. A method of operating a wavelength division mul- } 
tiplexer of a type that includes a plurality of chan- 
nels each of which receives a data input and that 

outputs a wavelength division multiplexed optical 25 
signal representing the plurality of data inputs, 

comprising the steps of : j 

receiving a data input with one of the chan- I 

nels ; \ 

providing a first electrical signal for modu- 30 ; 

lating an optical source in accordance with the re- J 

ceived data input; and J 

wavelenght division multiplexing an output | 

of the optical source with outputs of optical sourc- .} 

es of others of said plurality of channels, wherein 35 i 

the step of receiving includes the steps of, ( 

detecting a loss of the input data ; f; 

generating a status signal that indicates J 
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(57) A wavelength division multiplexer (WDM) unit 
( 1 2) includes a plurality of Input/Output cards (lOCs 1 4). 
Each IOC is bidirectionally coupled to I/O specific media 
(fiber or copper) and to two coaxial cables. Also bidirec- 
tionally coupled to the coaxial cables are a plurality of 
Laser/Receiver Cards (LRC 20). The interface between 
the lOCs and the LRCs is an Emitter Coupled Logic 
(ECL) electrical interface that is conveyed over the co- 
axial cables. Each LRC is bidirectionally coupled by two 
single mode fibers to an optical multiplexer and demul- 
tiplexer, embodied within a grating (24) An input/output 
port of the grating is coupled to a fiber link (28) that en- 
ables bidirectional, full duplex data communications with 
a second WDM. Each WDM also includes a Diagnostic 
CO Processor Card (DPC 28) that receives status signals 
^ from the lOCs and LRCs, that forwards the status signals 
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on to an external processor, and which generates control 
information for the lOCs and LRCs. Each IOC is associ- 
ated with one of a plurality of communications channels 
and includes an I/O specific media connector (30) that is 
coupled to an appropriate transmitter (Tx) and receiver 
(Rx). The I/O specific media connector, Tx and Rx are 
constructed and operated in accordance with the specific 
data stream type that is input to and output from the as- 
sociated channel of the WDM. By example, a first dala 
stream may be conveyed through an optical (fiber) con- 
ductor in accordance with an ESCON protocol at 
200Mb/s, and a second data stream may be conveyed 
through an electrical (copper) conductor in accordance 
with an ECL non-specific protocol at up to 622 MB/s. 
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